Introduction
Chronic pain is a distinct and well-recognized condition experienced by around 25% of the European adult population. 1 While the majority of chronic pain is nociceptive submit your manuscript | www.dovepress.com Dovepress Dovepress 114 liedgens et al in origin, ie, arising from actual or threatened damage to nonneural tissue, 2 a proportion of chronic pain arises as "a direct consequence of a lesion or disease affecting the somatosensory system". 3 This is termed neuropathic pain (NP). Examples of conditions where pain is of a purely neuropathic origin include multiple sclerosis, diabetic neuropathy, and postherpetic neuralgia (PHN). Chronic pain often has both nociceptive and neuropathic components, with back pain being the most common example. 4 Symptoms indicative of NP have been reported by around one-third of patients with back pain. 5, 6 The proportion of patients with pain classified as "positive neuropathic" can differ substantially between pain grades, with NP usually associated with higher pain severity. 6 Analysis of US health insurance claims data suggests that back and neck pain with neuropathic involvement is probably the most frequent neuropathic disorder. 7 NP is estimated to affect 7%-8% of the population in Europe, 8, 9 yet some estimates have suggested that as many as 20% of adults in Europe may be affected 10 and that close to half of those are affected on a daily basis.
NP appears to be more difficult to treat than many other types of chronic pain. 11, 12 Strong opioids are effective for nociceptive pain, but less effective in NP or in pain conditions with a NP component, 12 often requiring higher doses and therefore resulting in tolerability issues. 13, 14 Combination therapy with anticonvulsants such as pregabalin or gabapentin is used, 12 but this also increases the risk of adverse events. 15 In terms of clinical guidance, the European Federation of Neurological Societies guidelines on NP recommend pregabalin, gabapentin, duloxetine, tricyclic antidepressants, and venlafaxine for first-line treatment, with opioids and tramadol reserved for second line. 16 The humanistic and economic impacts are also considerable. The results of a European cross-sectional survey 17 have demonstrated the major impact of chronic NP on patients' general activity, mood, walking, work, relations with others, sleep, and enjoyment of life, with 43% of these patients also reporting disruption to employment status. This also applies to chronic pain overall, with another European survey reporting that owing to chronic pain, 19% sufferers lost their job, 16% changed job responsibilities, and 13% had to change jobs entirely. 18 Overall, chronic pain with a neuropathic component is more frequently associated with severe pain, 4,6 a greater number and greater severity of comorbidities, 4 a reduced quality of life, 11, 19 and overall higher health-care costs, 6, 20 compared with non-NP.
Since the current health technology assessment frameworks adopted by developed economies almost exclusively consider only direct costs (upon which conventional cost effectiveness modeling is based), only a small part of the overall impact of chronic pain and the overall cost burden to society, of which NP is a major driver, will be captured. It is therefore important to acknowledge that the real burden of NP is underrecognized.
To help assess this wider burden, this study aimed at providing a holistic insight in to the costs associated with NP across France, Germany, Italy, Spain, and the UK. The study was designed to consider the impact of the condition on wider issues such as productivity losses and caregiver costs as well as the humanistic impact on patients and their families, thus providing a more comprehensive estimation of the real opportunity costs for society associated with optimal management of the condition.
Methods

Primary data source
Data were drawn from the Adelphi Neuropathic Pain Disease Specific Programme (DSP ® ), a survey of real-world clinical practice conducted in Germany, France, Italy, Spain, and the UK in 2012. 21 The Neuropathic Pain DSP was run in accordance with the European Pharmaceutical Market Research Association (EphMRA) guidelines. EphMRA guidelines define the DSP as a market research survey, designed only to gain insight into real world clinical practice with no set France  24  19  11  11  8  11  807  602  germany  25  15  18  10  7  9  802  693  italy  24  17  17  10  8  8  792  225  spain  24  16  18  10  8  8  826  577  UK  24  16  15  10  3  9  729  437  Total  121  83  79  51  34  45  3,956  2,534 Abbreviations: PCP, primary care physicians; PRF, patient record form; PsC, patient self-completion questionnaire.
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a burden of illness study for neuropathic pain in Europe protocol or hypothesis and as such is deemed not to require ethical or review board approval. Patients provided informed consent for use of their anonymized and aggregated data for research and publication in scientific journals. This was achieved by means of a check box on the front page of the patient completed survey. Data were collected such that the subjects cannot be identified directly, or linked to the participants; and as such are fully in line with HIPAA, the US Health Insurance Portability and Accountability Act 1996 (HIPAA; http://www.hhs.gov/ocr/privacy/), HITECH and similar European guidelines. The DSP is a cross-sectional patient record-based survey of specialists (neurologists, anesthetists, pain clinic physicians, diabetologists, orthopedic surgeons, and rheumatologists) and primary care physicians (PCPs) and their patients with NP. Table 1 lists the distribution of physicians by specialty across countries. Physicians were identified from public lists of health-care professionals, with few restrictions other than they manage, and make treatment decisions for, NP patients. PCPs were required to see a minimum of 12 NP patients a month, and the specialists a minimum of 10. This was to ensure that the minimum sample of patients would be collected in a reasonable time frame.
Physicians were asked to complete a comprehensive patient record form (PRF) for the next eight patients who presented with NP, or the next ten patients for specialists. This included quantitative information on indirect burden, such as time of current sick leave, and proportion of people that had retired from work due to their NP condition, along with their mean age. These data were used to calculate two indirect costs: current sick leave and early retirement. In addition to this, physicians also provided information on direct burden including number of consultations, prescribed drug treatment, and surgical procedures. The collection of sick leave duration was not restricted to a set time period. These data were censored at 52 weeks to allow annualization of costs across countries. Patients provided further demographic and disease-related data and also completed three validated Patient Reported Outcomes questionnaires: the Work Productivity and Activity Impairment Questionnaire (WPAI) to assess work and activities' impairment, the EuroQol 5 Dimension (EQ-5D, 3L) to assess quality of life, and the Brief Pain Inventory interference questionnaire (BPI) to assess the level of pain from their condition. The total numbers of patients included is also listed in Table 1 , together with the number of patients who completed a self-completion questionnaire. The Patient Self-Completion questionnaire was voluntary, and so not all patients participated in this aspect of the survey.
Physicians and patients provided anonymized data in accordance with Health Insurance Portability and Accountability Act 1996 and the European Pharmaceutical Market Research Association code of conduct for international health-care market research.
Patients provided informed consent for the deidentified and aggregated reporting of research findings. All data were fully deidentified and aggregated prior to analysis. Full details of the methodology have been published previously. 21 
Data analysis
This analysis set out to identify the cost burden of NP from a societal perspective, and extracted data on direct health costs (prescribed drugs, health care professional visits, and surgical and nonsurgical procedures for the management of the disease); direct nonhealth-care costs such as provision of (paid) social care/support; and indirect costs such as work and productivity loss.
The individual patient cost profiles were developed using a bottom-up approach. This was to enable insight into the primary drivers of the overall cost among NP patients (within the sample used).
Direct costs
The direct health-related costs were taken as the sum of consultations, prescribed drugs, and surgical and nonsurgical procedures undertaken for the management of NP. Also included were alternative therapies used by patients to manage their pain. For alternative therapies, an assumption of classes for 6 months duration (for therapies such as yoga, swimming, and relaxation techniques) or costs for six single sessions (massages, acupuncture, chiropractice) were computed for the extrapolation to annual costs.
Direct nonhealth-related costs include caregiving costs (professional caregivers only). The number of hours of informal care received by the participating patients was also assessed. Informal care was defined as care given by a neighbor, family member, spouse, volunteer, or a friend. Potential indirect costs associated with this mode of care were omitted as it was not confirmed if the caregiver received state benefit/ subsidy or if they lost working hours due to care provided. Therefore, this was not included in the final costing, but was used to provide insight into the wider societal impact.
indirect costs
Indirect costs included salary and time adjustment of patients on sick leave. Since only the duration of any current period of sick leave was collected, cost of time off work due to NP was submit your manuscript | www.dovepress.com
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liedgens et al calculated based on the proportion of patients on sick leave and average annual salary. Indirect costs associated with NP were calculated using the human capital approach, with only sick leave at the point of consultation accounted for. The humancapital method takes the patient's perspective and counts any hour not worked as an hour lost. By contrast, an alternative, the friction-cost method takes the employer's perspective, and only counts as lost those hours not worked until another employee takes over the patient's work. These methods can produce widely different results, with the human capital approach taking a more holistic societal view, and resulting in typically higher costs. The friction-cost method assumes that employees are easy to replace (both in terms of skills and the ability to immediately replace a sick employee), which may not always be the case, and does not encompass the patient perspective, which is an important factor in analysis from a societal aspect. No costs related to early retirement or reduction of working hours were included, but evidence on both was provided. Impairment while at work was assessed through the WPAI score. The WPAI was created as a patient-reported quantitative assessment of the amount of absenteeism, presenteeism, and daily activity impairment attributable to a specific health problem. Scores range from 0 to 100, with a higher score indicating a greater level of impairment (or lesser ability to perform every day functions including work).
Collection and application of unit costs
All health-related direct unitary costs were collected from relevant and updated country-specific sources and adjusted to 2012 prices where necessary using general inflation rates. Generic prices were used for drug costs and were collected for the most prevalent drugs in each country (about 90% of the total drugs); a median price was imputed for the remaining minority. (In cases where drug costs were not available, a median value for all drug costs held was imputed.)
Estimates of resource use costs were taken from a wide variety of publicly available sources wherever these were available. All costs were collected in €, other than for the UK. For ease of comparison, UK sterling was converted into €.
Costs in France were taken from www.ameli.fr, with Diagnoses Related Group (DRG) costs taken from www. legifrance.gouv.fr. 22 In Germany, many costs (consultations, procedures, and alternative therapies) were drawn from tariffs laid down by the National Association of Physicians. 23 However, the cost of some alternative treatments such as yoga, swimming, and Pilates were estimated from a health insurance tariff (it should be noted that only two such courses per year are allowed). 24 Drug prices were estimated using information from the Lauer-Fischer database. 25 In Italy, costs for surgical and nonsurgical procedures, plus those for alternative therapies, were estimated from national tariffs for the remuneration of health benefits. 26 Drug prices were also taken from government sources. 27 The cost of general practitioner (GP) consultations was taken from national tariffs 28 and the cost of other (specialist or nurse) consultations from a small hospital-based study. 29 For Spain, most costs were collected from the Department of Health in Spain (Ministerio de Sanidad, Servicios Sociales e Igualdad), with costs for surgical and nonsurgical procedures taken from Spanish DRG codes, including hospitalization costs based on data about average stay. 30 In the UK, costs for surgical and nonsurgical procedures were contained within DRG codes and Healthcare Resource Groups, which include the unit costs of the procedures and the hospitalization costs based on average stays of each procedure. Primary care costs were taken from the PSSRU 31 database, and drug prices taken from MIMS. 32 The proportion of patients on sick leave at any one time was used as the basis for calculation of the cost of time off work due to NP rather than the duration of sick leave since sick leave can be ongoing, which would result in an underestimate of the true cost. The mean wage rates used to estimate the burden of time off work were taken from Eurostat, 33 which provides mean annual incomes for all EU member states.
Patient quality of life
The BPI questionnaire measures how much the pain has interfered with seven daily activities, including general activity, walking, work, mood, enjoyment of life, relations with others, and sleep, with 0 being no interference and 10 being complete interference.
The EQ-5D tool is well validated and is one of the most commonly used questionnaires for calculating a utility score. [34] [35] [36] It is composed of five dimensions (mobility, selfcare, usual activities, pain or discomfort, and anxiety or depression), each with three levels of patient performance (no problems, some problems, or extreme problems/unable to). A total of 245 health states can be created, with 0 representing death and 1 perfect health.
subgroup analyses
In addition, subgroup analyses were conducted to estimate the cost implications associated with some of the most 
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a burden of illness study for neuropathic pain in Europe prevalent indications from within the collated sample. We include in this subgroup analysis only those patients who have one of the seven most commonly stated causes of NP in the survey; diabetic peripheral neuropathy (n=294), radiculopathy (n=157), fibromyalgia (n=65), postsurgical neuropathy (n=65), chronic idiopathic polyneuropathy (n=64), PHN (n=57), and carpal tunnel syndrome (n=35). In addition, patients with neuropathic back pain (n=126) were also analyzed. To facilitate a like for like comparison, patients with more than one of these conditions were excluded from the analysis, though patients who had other conditions in addition to one of those listed above were included. Analysis was based only on direct health sector costs: all nonhealth sector and indirect costs were excluded from this analysis owing to sample size.
The costs for the subgroup analysis were computed using a weighted average of the five countries' resource use costs.
Differences in burden between different patient subgroups (ie, different peripheral diseases) was tested using 
Results
Demographics
The DSP database comprised data from 292 specialists and 121 PCPs who completed a total of 3,956 patient records forms (approximately 25 PCP and 60 specialists in each country). Specialists included 83 neurologists, 79 anesthetists, 6 pain clinic physicians, 51 diabetologists, 34 orthopedic surgeons, and 45 rheumatologists ( Table 1 ). The average age and sex of patients were similar across countries ( Table 2) . A total of 2,534 also completed the PSC questionnaire, with the highest completion rates being in Germany and the lowest in the Italy. NP diagnoses in each country are detailed in Table 3 .
Direct health sector costs
The average number of consultations was high across the five countries, with a high proportion of specialized care and few nurse visits/consultations (Figure 1) .
Across the whole sample, the mean number of prescribed drugs per patient was 1.8 (1.7 in France and Germany, 1.8 in the UK and Italy, and 2.1 in Spain). Table 4 lists the proportion of patients receiving the most commonly prescribed drug classes. Around two-thirds of patients received an anticonvulsant, with use of opioid analgesics second most commonly used by ∼25% of the total sample.
Only a small subsample of the population had received surgery for the management of the disease. In total, 311 surgical procedures were undertaken, ranging from 43 in Italy to 89 in France. A total of 572 patients had a nonsurgical intervention, ranging from 82 in Italy to 145 in Spain. Peripheral nerve decompression was the most commonly used surgical procedure (about one quarter of all surgical procedures), while steroid injection and nerve blocks were the most commonly used nonsurgical interventions.
Direct nonhealth sector costs
The proportion of patients receiving caregiver support ranged from 13% (France) to 27% (Italy). The calculation of total caregiver costs included professional caregiver costs only, based on the number of hours per week recorded. However, as listed in Table 5 , this represents only a proportion of total caregiver support provided.
As indicated earlier, it was not possible to estimate the monetary cost of informal care. Informal care is provided by family, friends, neighbors, or other volunteers and is provided free of any payment. However, as shown in Figure 2 , the average number of informal (unpaid) care hours per week received implies a significant burden to informal caregivers. While this care is provided free of charge (most generally by a family member), it should be noted that there are several indirect costs Table 6 lists the impact of NP on employment. The employment rate (full or part time) was consistent across countries, at approximately one-third of the sample in each country.
Mean hours/week
The proportion of patients who were on sick leave at the time of consultation was consistent, at ∼20% of the sample, although the duration of current sick leave varied considerably between countries. The mean current age of patients reporting NP as the cause of early retirement ranged from 52.2 to 65.0 years; however, the low number (n=68) precludes any further analysis. Although based on a small subsample, the patient-reported data (PSC) confirmed that the work loss and duration of sick leave can be substantial (Italy had lower numbers than the other countries, but this could be due to a 
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a burden of illness study for neuropathic pain in Europe lower rate of response). As can be seen from the mean age of patients who have had to retire early due to their NP pain, significant numbers of patients have been forced to retire before their normal retirement age. Table 7 lists the total per patient costs per country, separated into direct health-related, direct nonhealth-related, and indirect costs. The cross-country variations are driven by the indirect costs calculation, in particular, due to the costs of sick leave, which is the result in part of different annual income rates across countries. Direct health costs and caregiver costs are, however, similar across the countries.
Total costs by country
Indirect costs constituted 69% of total costs in France, 78% in Germany, 69% in Italy, 67% in Spain, and 57% in the UK. Table 8 presents the patient-reported data from the EQ-5D, BPI, and WPAI. In all countries except Germany, the average EQ-5D score was approximately 0.6, indicating impaired quality of life comparable score to that of other disabling diseases such as rheumatoid arthritis and chronic obstructive pulmonary disease (Societal Impact of Pain Symposia 2013). 37 The WPAI score on overall work impairment evaluates the level of impairment, while at work plus the work time missed during the last week. A score of 0 would indicate no impairment, and a score of 100 would indicate that the patient could not undertake any work at all. The results suggest that a significant proportion of the patient's work time in the previous week was affected by NP and that these findings are relatively high compared with other similar diseases. 38 
Patient-reported data
subgroup analysis
Results for the subgroup analysis are listed in Table 9 .
Only patients with duration of NP longer than 12 months were included. Health-care costs associated with diabetic peripheral neuropathy, radiculopathy, and neuropathic back pain are substantially higher, primarily due to the relatively high proportion of surgical procedures. Table 9 also lists demographics and most common comorbid conditions (those greater than 10% in the entire sample). Other than for patients with diabetic peripheral neuropathy, the levels of comorbid conditions were similar across the groups, with between one in three and one in five having no other conditions. Because of small sample sizes, this analysis was not broken down by country. It should be noted that these costs appear lower than those observed in the country-by-country analysis. The reason for this is that the subgroup analysis relates to patients with only one of the more common conditions associated with NP. However, many patients have more than one cause of NP, and these would be expected to have a higher cost burden. However, these have been excluded from the analysis to allow for a direct comparison of the relative burden associated with each of the underlying conditions. Differences in burden between different patient subgroups (ie, different peripheral diseases) was tested using an ANCOVA model and an ordinary least squares regression model (listed in Tables 10 and 11 , respectively), both of which controlled for patients' country of consultation, age, BMI, sex, smoking status, and selected comorbid conditions available in the dataset (anxiety, arthritis, dementia, depression, diabetes, high cholesterol, cancer, hypertension, other cardiovascular disease, respiratory disease, sleep disorder, nausea, and migraine). The results suggested that there exists a statistically significant association between total cost of patient management and peripheral condition the patient suffers from (nominal P-value ,0.0001).
Other statistically significant (P,0.050 variables in the ANCOVA model included: country of consultation (P=0.0035), anxiety (P=0.0397), depression (P=0.0011), and hypertension (P=0.0107).
The more granular regression model compared the total cost of patient management between the selected peripheral conditions and the chosen base case (diabetic neuropathy, the most numerous peripheral disease subgroup).
The results suggest that the total cost of patient management of patients with (PHN/Herpes Zoster) (P=0.006), or postsurgical neuropathy (P,0.001) differed significantly from that of patients with diabetic neuropathy. Both PHN and postsurgical neuropathy were found to be more costly than the base (coef.=1,599.91 and coef.=2,868.102, respectively). Other statistically significant (P,0.05) variables included: anxiety (P=0.040), depression (P=0.001), and hypertension (0.011).
Subgroup analysis was also undertaken regarding work impairment and quality of life (Table 12) . Regarding work impairment, the burden is relatively high across all the conditions with the greatest degree of impairment being observed in neuropathic back pain, postherpetic neuropathy, and postsurgical neuropathy. Owing to the small numbers of patients, the costs associated with the impact on work productivity have not been analyzed. Table 12 also lists significant decrements in quality of life (as measured by EQ-5D), with the burden being greatest in radiculopathy and fibromyalgia.
Discussion
This study demonstrates that there is a meaningful economic and socioeconomic burden associated with NP. Significant annual per patient costs were observed in each of the participating countries, in terms of costs to the health-care system, but more so in terms of societal costs to the wider economy. This study provides a conservative indication of the wider costs, as there are other burdens not collated within this study, which could be quantified in monetary per patient terms.
These results suggest that there is reasonable opportunity cost for society in terms of lost work and productivity due to NP, through work impairment, sick leave, and the potential costs relating to informal care by friends or family members.
Furthermore, the results suggest that a significant proportion of the overall cost, such as informal caregiving and work impairment (as shown with the WPAI overall work impairment score), remains outside of the direct health-care resource use burden, suggesting that a large proportion of the costs associated with NP are not accounted for and are broadly overlooked within current commissioning frameworks and practices across Europe. This is because health-care commissioners focus on direct health service costs, with little consideration of the wider implications of a condition. This can result in treatment options, which may be cost-effective from a societal perspective not being recognized as such when only direct health-care costs are taken into consideration. It is important to note that some aspects of the burden of illness analysis were described but not translated into monetary terms, suggesting these findings maybe be relatively conservative. This was because the productivity loss/life impact associated with informal caregiving was not collected. For a small number of patients, NP was stated as the cause of retirement. Although it is clear that a proportion of patients would have retired prior to the standard retirement age (between 60 and 65 depending on country), costs associated with early retirement were not included in the analysis. In addition to the small subsample size (n=68), calculation of the burden of early retirement is problematic for two main reasons. First, the age of retirement is not consistent across Europe. Not only do different countries have different retirement ages, within countries there can be structural differences such as private/public sector employment retirement policy, difference between occupations, and the proportion of self-employed in the economy. Secondly, employed workers who retire can be replaced as required (as the EU does not have full employment), so the true cost to society may be overestimated.
The largest subgroup of NP patients related to diabetic peripheral neuropathy (n=294) and the results of the subgroup analysis suggest that highest direct cost ($2,046) was associated with patients with neuropathic back pain. However, the greatest drug costs were associated with patients with postherpetic neuropathy.
It is important to note that there were differences in age and sex between patients with different causal factors ( Table 9 ). Levels of comorbidity were similar between the patient subgroups however -with the exception of the patients with diabetic peripheral neuropathy where the proportion of patients with diabetes and related complications was clearly much higher. We also observed that the impact on work and quality of life was also significant in each of the conditions assessed.
The ANCOVA model results suggested that there exists a statistically significant association between total cost of patient management and peripheral condition the patient suffers from (nominal P-value ,0.0001).
The ordinary least squares model results suggest that the total cost of patient management of patients with (PHN/ Herpes Zoster) (P=0.006), or postsurgical neuropathy (P,0.001) differed significantly from that of patients with diabetic neuropathy.
Our findings support those from research in other regions. For instance, Mehra et al 20 conducted an analysis of US Claims Data from 2006 to 2008 and reported direct costs of chronic lower back pain in the US of US$1,007 increasing to US$2,577 with a neuropathic component. The literature shows that there is great discrepancy between prevalence estimations in Europe and actual number of diagnoses and/or treated patients with NP; this suggests a "deviated" burden. While it is probable that many nondiagnosed and nonconsulting patients are mild NP sufferers, these patients would likely still have costs associated with their NP which are currently not accounted for.
This study has some limitations. While the data collection methods are homogeneous throughout the five countries and the cost collection remained as homogeneous as possible, there are country-specific differences in terms of clinical management of the disease as care pathways can vary regionally within countries as well as among them, along with differences in the health-care systems (eg, different reimbursement status and access of the drugs and other health technologies, different access schemes to the health systems, and different prescription charges schemes, etc). Consequently, these factors, as well as the differences in unitary costs, make comparison of the different burden of NP in each geographical context challenging. In addition, generic drug costs provide a conservative assumption in the calculation of overall costs that could underestimate the total costs drug.
The data collection did not include any formal diagnostic procedures as part of the inclusion criteria; physicians were briefed to recruit the next ten patients that they were treating for NP. In this context, they included some patients with fibromyalgia as a suggested cause of the NP. We do acknowledge that fibromyalgia may be questioned as a NP syndrome, but our patient sample consists of a real-world sample who are actively being treated for NP in the opinion of the physician regardless of cause. It should be noted that while the survey methodology provides a convenience sample in that the recruitment requires the inclusion of the next 8-10 patients, the DSP can be considered representative of the consulting population of patients as the requirement of physicians to provide data relating to consecutive consulting patients offers an approximation to a random sample. However, it is acknowledged that the DSP sample may include more recently diagnosed patients, due to the propensity for such patients to visit a physician more frequently. 39 The data used in these analyses have provided a holistic insight into the qualitative and financial burden within this sample, as the sampling methodology has enabled observation of both the direct and indirect impact associated with individual patients. The results of this real-world survey and analyses highlight the considerable levels of burden associated with NP patients, and the implications for society as a whole, which is often more costly. It has been shown that to consider only healthcare resources greatly underestimates the real burden of NP.
A potential area for future analysis of the data sample is to investigate the relative burden attributed to NP and estimate the incremental burden associated with pain from differing etiologies.
There is evidence of wider cost in terms of lost work productivity and caregiver burden, whether through formal or informal care. However, within current commissioning practices and care pathway structures, there is an apparent lack of refinement regarding how pain is dealt with when the patient initially reports pain. The costs shown suggest a major burden to the whole economy arising from a common symptom (NP) across many indications, a cost that is unlikely to be effectively reduced until overall standard of care is improved and patient pain is rigorously treated upon initial presentation, particularly in lower back pain patients. 40 
